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SUMMARY

This report has attempted to answer two questions; first, the range to which
varjous size payloads can be sent and second, the accuracy to which these
payloads can be delivered by the guidance systems now available,

A typical D series missile configuration was selected for the purposes of this
study. A nominal launch weight of 265,190 1lbs, was used and the Rocketdyne
MA-2 engines were assumed to produce nominal thrust and specific impulse, The
missile that was simulated was launched due north from Vandenberg AFB. The
accuracies of two different guidance systems, the G.E, Mod, III radio-inertial
and the ARMA Lot IV all-inertial, have been studied and the results included
in the text of this report.

Four burnout weights were used to establish the ranges at which the guidance
system accuracies were determined. These trajectories were flown with a
constant missile inertial attitude of 23.4° during sustainer stage. The
following table summarizes these results,

Burnout Payload | Range (Approx.) C.E.P.
Welght
G. E. Mod III SystaJ AHMA System
Ibs 1bs n, miles n, miles n. miles
13,642 6000 4750 .61 1.08
| 12,642 5000 5500 olidy 1.25
b 11,142 3500 6900 1.05 1.57
0,642 2000 8700 2.63 1.97
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It war fouud that the C.E.P,'s could be made smaller by pitching the missile
during sustainer stage., The payloads associated with the minimum error
trajectories were changed to allow the same range to be reached. These
results are listed in the following table, It is obvious from the table
that the decrease in error results in lower payload capability.

Range (Approx.) Payload, lbs C.E.P., n. miles
G.E. Mod III ARMA G.E. Mod III ARMA
4750 5325 5700 34 1.03
5500 4850 4550 43 1.20
6900 3600 3c00 1,03 1.51
8700 1150 1500 ) 2,23 1.86

It was also found that the maximum payload that can be sent to the 690U and
8700 n, mile ranges were 3800 and 3000 lbs. As shown in the following table,
this is at the expense of an increase in the C.E.P,. The location of the rate
antenna would have to be changed if the G.,E., System were used. The look angle
requirements are not satisfied in the maximum payload trajectories,

Range (Approx.) Payload C.E.P., n, miles
n. miles 1bs G.E. Mod IIT |  ARMA
!
6900 | 3800 0.85 2.55
}
8700 3000 3.87 3.70
|
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The values of the C.E.F.'s given in this report will be optimistic due to
omission of various sources of impact disrersions for which the guidance
system cannot predict or correct. The dispersions cuused by the effects
of reoprhysical, atrospheric re-entry, and cutoff uncertainties will be of
the order of 0.5 n. miles; 8o the cases which indicate a guidance system
C.E.F., of this magnitude will be affected significantly.,
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INTRODUCTION

This report deals with the range capability of the D serles missile for various
payloads and the guidance accuracies of both the radio-inertial (RIG) and all-
inertial (AIG) guidance systems, The ranges considered were 4750 n. miles,
5500 n, miles, 6900 n, miles, and 8700 n. miles. Although the range capability
may change for later series missiles due to changes or design improvements,
(i.e., such as the change to MA-=3 engines), the guidance error partials at the
ranges considered in this study should not be affected greatly.

All of the cases presented herein use the same missile configuration; the only
variables are the sustainer and vernier burnout weights and the second stage

tilt program. The data for the report was obtained by using a missile trajectory
similation, as described in detail in Reference 1, and radio-inertial and
inertial guidance error programs.

Two different guildance systems have been considered, the General Electrie

Mod. III radio-inertial and the ARMA all-inertial systems. Errors in these
systems lead to target misses, the size of the miss being dependent upon the
magnitude of the error, the trajectory, and the distsnce to the target. The
errors used to obtain the misses are the 1 o- values as quoted by G,E. and ARMA,
The target errors can be minirized by pitching during sustainer stage, as is
shown later in the report, Target misses also result from sources other than
the guidance system but these errors have not been considered in this report
(e.g., re-entry winds, geophysical uncertainties, vernier cutoff errors, and
atmospheric density variations)
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DISCUSSION

Basic Trajectory Information

The trajectories sirmulated for this report are those of a nominal D series
miscile launched due north from Vandenberg AFB. Every trajectory was based or

a missile launch weight of 265,190 lbs., a booster jettison welght of 7,197 lbs.,
nominal thrust and specific impulse (i.e,, booster and sustainer engines specific
impulses were 251 seconds and 219,3 seconds), and a staging time of 135 seconds.
In addition, the D series tilt program was attenuated by a factor of 0.97. The
tracker simulated for the radio-inertial guidance (hereafter referred to as RIG)
portion of the error study was for the G.E. Mod, III guidance system with the "q"
baseline oriented directly downrange and the "p" crossrange,

PELRRIRINY (2T

Four trajectories were flown to establish the ranges at which the error studies
were made. These four trajectories were simulated with a constant misaile
inertial attitude of 23.4° during sustainer stage. The only differences between
the trajectories were the sustainer burnout weights, which were taken to be
13,642 1bs,, 12,642 1bs,, 11,142 lbs., and 9,642 1bs, These burnout weights
apply to a D-R&D vehicle and correspond approximately to payloads of 6000 lbs.,
5000 lbs,, 3500 lbs., and 2000 lbs,., respectively. A D-IOC missile is capable
of carrying about 1100 lbs, more payload for comparable sustainer burnout
welghts,

An obtlate (Clarke's spheroid of 1866), rotating earth model was assumed in the
simulation, The ICAO standard atmosphere was used during both powered flight
and nose cone re-entry. To conserve computer time, a spherical earth and vacuum
re-entry were assumed in finding the error partials, These approximations will
cause little change in the partials since the errors are relative quantities.

Yarying Attitude Trajectories

In addition to the four constant attitude cases, trajectories were simulated
which included pitch rates during sustalner stage., This was done in an effort
to minimize the target miss due to errors in the guidance systems. Trajectories
that were flown to minimize the misses for the RIG system had a constant tilt
rate throughout sustainer stage. Runs for the all-inertial guidance (hereafter
referred to as AIG) system had a rapid tilt at the start of sustainer stage with
a constant attitude thereafter. A rapid tilt rate was used in order to simulate
the ARMA system. The missile is pitched in accordance with the function:

p = 0.2 (€ - €,)

The tilt rate ‘n deg./sec. is denoted by "t'»: ; € is the missilc attitude
(i.e., angle hetween missile roll axis and laurch horizontsl) at the initiation
of guidance; and € _ is the desired missil. attitude. € and €° have the
units of defrees in Pnis equation,
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Powered flight for all of these runs was terminated when the missile had
attained the velocity necessary to hit the previously established impact point.
This enabled the error study to be made at the same four ranges. The tilt rates
in sustainer stage will cause the size of the payload that can be delivered to a
given range to be different than that for the constant attitude case. The
amount of change is discussed in the results.

The RIG System Errors

The RIG System can be considered to be composed of two subsystems, one ground-
based and the other airborne. Included in the ground-based equipment is a
tracker which measures the position and velocity of the missile in terms of six
quantities:  slant range (R), elevation angle (¥), azimyth angle (4), slant
range rate (R), and two lateral rate quantities (P and Q). Fcr this study, the
system error is considered to be due solely to bias errors in the tracking
quantities, The tracker bias errors used in this report were obtained from
Reference 3 and are listed in Table IV, They were the latest available 1o
values for the G.E. Mod. III System when the computations of the target miss
presented herein were made.* These errors were assumed to be the same for the
various trajectories simulated., The slant range error given in the table is in
kilofeet rather than feet, This was done to prevent the values of the partials
from becoming too unwieldy,

The RIG System imposes a constraint on the trajectory that is not present for
vehicles that are flown with no guidance or with the AIG System. The tracker
must recelve good rate data during the latter part of sustainer stnge if
sustairer shutdown is to occur at the proper instant, To insure that :cod data
are being obtained, the radar cone angle 6r (i.e., the angle between the line

of sight f.om the tracker to the missile and the longitudinal axis of the
vehicle) must be greater than 2° for the last 30 seconds of sustziner stage. In
addition, the tracking antcnna must view the top of the missile during this
period since the rate antenna is located on the top.

Because of the look angle constraint, the missile cannot be pitched down at too
fast a rate if lock is to be maintained6 For the configuration in this study
the maximum rate was approximately +.029/sec. The data pertaining to the lorger
rates would be applicable if the antenna were moved to a location on the bottom
of the missile,

" The_AIG System Errors

The AIG System is composed of an airborne computer and an inertially statilized
platform upon which three accelerometers are placed. The accelerometers are

# The latest G.E. estimates of the tracking errors are given in Reference 5 und
indicate the R,M.S. of the bias and residual noise errors to be of the same
order of magnitude as the bias errors used in this report.
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mounted so as to form an orthogonal coordinate system, the axes being designated
by x, ¥y, and z. The platform and accelerometers are oriented prior to launch by
ground-based alignment equipment, The x-2xis is orlented downrange toward the
target and the y-axis 1s directed in a crossrange direction, The z-axis is
aligned along the plumb bob vertical to form a right-handed system. The accelero-
meters are used to sense the thrust and asrodynamic accelerations in the three
orthogonel directions, The measured accelerations are fed to the airborne
computer which computes the gravity accelerations, sums the measured and computed
accelerations, and then integrates to obtain position and velocity. The position
end velocity are used to determine the time of sustainer and vernier cutoff and
to generate the yaw stesring signals,

L iTo -
————
————

e
%
i

According to Reference 4, there are five general sources of error in the AIG
system; the gyros, accelerometers, platform, computer, and ground support equip-
ment., In this study, none of the sources of error in the computer were considered
but their omission should not affect the system C.E.P. to any sizable degree, It
can be seen in Reference 4 that the ccmputer errors are the least significant of
any of the five,

Most of the major contributors to the error in the remaining four parts of the
system have been considered., Since all effects could not be considered, the
results of the study will give an optimistic value of accuracy and should not be
expected to give the best possible estimate for the entire system. It does
indicate the manner in which the major errors change with sustainer attitude and
with trajectory range and is valuable in this respect,

’ There are a number of causes of error in each of the above sources that are
considered, The following paragraphs give a brief description of the causes,
For a more complste discussion, see Reference 4,

If the gyros which align the platform drift for any reascn, the crientation of
the platform and acceleromeiers will be changed and errors will result in the
measurement of acceleration, There are, in general, three types of drifts that
could occur: constant drifts, drifts that are proportional to the acceleration,
and drifts that are proportional to the square of acceleration, A fixed drift

of 0.19/hr, (which represents the drift remaining after compensation) was assumed
for each gyro.

The spin axis of the pitch gyro lies in the plane of the x and z platform axes
and was offset trom the x axis by 54° in this study. The offset minimizes the
uownrange errors resulting from the behavior of the thrust acceleration, On
Page 16 of Reference 4 there is a brief discussion of the offset and the error
involved in the offssat.

A mass unbalance drift »f .36°/hr/g due to an unbalance along the outer wire
axis of the pitch gyro wus considered for the pitch gyro mass unbalance error,
If the compromise offset angle for the trajectories were optimum, little or no
miss would result from this unbalance so the error is actually a combination of
the two effects, The mass unbalance error for the roll-azimuth gyro was
attributed to an unbalance along the spin axis of the ball, The characteristics
of two, single degree of freedom gyros, one for roll and the other for yaw, were
" used to obtain the partials and the results are given in that farm. When these
results are applied tc ths two degree of freedom gyro used in the ARMA system,
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i‘ only one change has to be made. The crossrange errcrs for the two gyros is

4 such that the roll gyro error partially cancels that of the yaw gyro. In the
results this uffect has been taken into acoount and the errors have been
combined, The effect of a gimbal mass unbalance along the spin axis of the
gyro has also been studied, It was assumed to have an effect equivalent to that
for a roll gyre spin axis mass unbalance drift, No temperature sensitive mass
unbalance drifts have been included,

An error of 0,15°%hr/g was vsed in caloulating the miss distance due to the mass
unbalance along the spin axis of the roll-esimuth gyro, This value represents
two errors listed in Reference 4. The value given in the gyro data in Reference
4 (Table 3) has been combined with the roll-asimuth gyro drift compensation un-
certainty that is quoted among other ground support equipment errors in Table 10
of that report., A figure of 0,15°/hr/g has also been used for the gimbal mass
unbalance and corresponds to the value given in Table 3, Note that all values
used in the target miss computations are based on the ARMA Lot IV system.

Accelerometer errors consist of a bias or sero error, a g sensitive or scale
factor error, and g2 and g3 sensitive errors, The value of uncertainty in the
setting of the accelerometer zero that was used is the R.S.S. sum of three terms;
the linearity, the measurement uncertainty, and the x and z offset resolutions,
The latter two are included in the GSE secticn (Table 10) of Reference 4.

Two errors have been combined to give the value used for the scale factar effect,
the uncertainty dus to linearity and the measurement uncertairnty (a GSE error).

‘ Inclusion of the latter is not entirely correct since the miss partial for it
should be slightly different, With present capability no differentiation could
be made between the two; so, rather than omit it completely, it has been added in
this manner,

The values used for the K, and K, effects are the same as given in Reference 4
for the K> acceleration and the 3 uncertainty errore,

Accelsrometer misalignment errors are the only platform errars considered. Two
types of misalignments ars possible; a perfectly aligned pair of accelerometers
(1,0,, exactly at right angles to each other) may not be perfectly aligned with
the pendulum, or a pair of axes may not be orthogonal to one another, The non
orthogonal alignments considered are the z-axis in pitch, the y-axis in asimuth
and roll, and the x-axis in pitch. The x-axis could be ..saligned in aszimuth and
the z-axis in roll but this would only result in a cosine effeot and is negligible,

Misalignments of a pair of axes in pitch, yaw, and roll have been studied. Values
of errors in this section are the R.S,S. values of similar errors in both Tables 7
and 10 of Reference 4, No servo errors wers included in the study.

It has been mentioned in preceding paragraphs that the syste:n accuracy quoted in
the results will be 2omew.at optimistic due to omission of csrtain errors, The
C.E.P. quoted in Reference 4 for ths Lot IV system was 1,46 n, miles, When
calculated using the vaiues given in that report for all the effescts that have
been considered for this study, the C.E.P, was found to be 1,21 n, ziles, This

‘ comparison gives some indication of the amount tha results of this study could be
in errar,

___’___.________.—;.-‘
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Guidance Error Programs

Two digital computer programs, which were developed specifically to sirmulate
the errors that can appear in the two types of guidance systems, were used to
find the error partials. The program used to obtain the RIG errors alters the
position cr velocity vector at vernier cutoff in such a manner as to duplicate
the amount by which the particular tracker quantity under study Is supposed to
be in error, The impact pcint obtained using the altered vector is then com-
pared with the reference impact location to obtain the target riss and error
partial,

The AIG error program uses as input the powered fligut time history of acceler=~
ation and inertial attitude of the missile as obtained from the reference
trajectory, and alters these quantities in the way tune various error sources
would be expected to affect them. The altered position and velocity at vernier
cutoff are then used to obtain an impact location, which, when compared with
the reference impact, ylelds the target miss and error partial,
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RESULTS

Range and Payload (apabilities

The maximum range of a missile carrying a payload of 600¢,lbs., 5000 lbs.,
3500 lbe., or 2000 1bs, was found to be 4766 n. miles, 5478 n. miles,
6889 n, miles, or 8724 n. miles respectively for missile trajectories in
which a constant missile inertial attitude of 23,4° was maintained during
sustair-r stage, The RIG and AIG error studies were made at these ranges
although, for the sake of brevity, the ranges are referfed to as 4750 n,
miles, 550C n, miles, 6900 n, miles, and 8700 n, miles,

In Figure 1(a) the payload of the missile is plojted against range far
various sustainer stage iilt rates, The role of' ‘range and tilt rate is
reversed in Figure 1(b). The negative tilt rates that are shown refer to a
pitch up maneuver, whereas tl.c positive tilt rates indicate a pitch down.
Similar plots of payload, range, and missile inertial attitude can bo found
in Figure 2(a) and 2(b). It can be seen from these plots that the lower
trajectories increase the payload capability at the longer ranges.

RIG Error Study

A summary of the C.E.P.'s obtained for each of the trajectorles in the RIG
portion of the study can be found in Table I, A plot of these data is given
in Figure 3, The C.E,P.'s were computed in the manner described in
Reference 4. A plot from the reference has been reproduced and is included
as Figure 1.,

Reference to Figures 5 and 6, which are plots of downrange and crossrange
miss, shows that the shape of the C,E.P. curves is due primarily to the
behavior of yne downrange misses, The dominant effect in the downrange
miss is the { tracking error, as can be seen by locking at Table IV or
Figure 7, and is directly responsible for the zanner in which the system
C.E.P. and downrange miss behaves at the different ranges,

Table IV and Figures 7 and 5 contaln the values of downrange and crossrange
miss that result fram the assumed tracking errors for each of the ranges
included in the study, The numbers in the tables and graph§ represent the
absolute value of the miss, The downrange riss due to the Q errors can be
seon to reach a sharp minimur at the two shorter ranges, This minimum
represente the point where the mias becomes zero and indicates a change in
sign of the miss,

Tracking errors in Q are reflected as errors in ‘he flight path angle »w and
missile velocity Vgy. For scme trajectories the misses due to changes in
these two quantities are additive, for others they are subtractive. This is
ihe reason tue misses go through zero and the slope of the plots veries from
range to range., Figire 15 has been included to give a pictorial idea of the
manrer in which the miss due to Q errors varies w:th range and tilt rate.
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Tracking errors in P are the major source of crossrange miss _at the 4750 n. :
mile and 5500 n, mile rangss. At the two longer ranges the Q errors become '
very important contributors to this miss, The crossrange miss due to g

errors can be attributed to earth rotation effects. The situation has been

exasggerated somewhat due to the fact the trajectorg impact locations vary

from 65° N latitude for the 4750,n. mile case to 3° S lstitude for the

8700 n, mile case.

AIG Frror Study

The C.£.,P.'s obtained for each of the trajectories in the AIG portion of the
study are summarized in Taole II and plotted ir Figure 4. It is interesting
to notu that the case with an inertial attitude of 23,.° and range of

5500 n. m!les (i.e., the case *hat corresponds most closely to the one in
Reference 4) yields a C,E.F, ¢. 1.25 n, miles., It was pointed out in the
discussion earlier in this report that.a C.E.P. of 1,21 n, miles was obtained
from the ARMA data when only the wurrors included in this study were considered.
The results indicate the system C.E.P. to be relatively insensitive to the
inertial attitude in the region from € = 20° to € = 309 The optimm
attitude for missiles using the AIG system would appear to be dependent on the
payload or range capability of the missile for the various attitudes in this
range of magnitude,

Table V 1lists the total R.S.S. value of downrange and crossrange miss for the
AIG trajectories., These values have been plotted and are included as Figures

9 and 10, The graphs show the results to be consistent except for the croas-
range miss for the 8700 n, mile case, The increcse in the miss at the low
attitude angles for this case can be seen to be due to errors in the accelero-
meter, Section 4(b) of Table VI or Figure 12{(d) verifies this. As was true
with the Q error in the RIG partion of the study, the increase is the result of
earth rotation effectis,

Figures 11 and 12 are plots of target miss against missile inertial attitude
for each error source and each range. It can be seen that the largest source
of downrange error can be attributed to the accelercmeters. Gyro errors yield
the smallest misses at 4750 and 5500 n, miles but become a more important
contributor with increasing range.

The system target miss was found to increase as the trajectories became lower,
Therefore, the size of the payload that can be delivered to a target, parti-
cularly those at ranges of over 6000 n, miles, will be limited by the guidance
accuracy that is required.

The results cbtained from examination of a number of errors have been omitted
frorm this repart, This was done because the miss from these errors vac
insignificant and could be neglected, Such items as gyro aniscelastic effects,
y-accelerometer scale facter, gz, and g3 effects, and x and z accelerometer
risalignment in roll are examples of errors that have been omitted.

Among the figu-es found in the latter part of the report are plots relating
tilt rate and inertial attitude to the flight path angle at power cutoff,
These plots are denoted as Figures 13(a) and 13(b).
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Comparisop of RIG and AIG Systems

The constant attitude trajectories that were used for the RIG error study
correspond exactly to the AIG trajectories in which a missile attitude of
23.4° vas paintained. Comparison of the C.E.P,'s for these cases shcws
that the RIG system gives the smallest values, except at the extreme range
of 8700 n, miles, The following table gives a concise summary of these

results,
Rang' . ’ CoE oPc
RIG System AIG System
4750 6 1,08
5500 obdy 1.25
6900 1.05 1,57
8700 2,63 1.97

Whenr the RIG system errors were minimized, it was found that little improvement
" ocould te obtained for the 4750 and 550C n, mile cases., A tilt rate of
+.19/sec. was found to deqrease the error at 6900 n. miles to .89 n. miles, an
izprovement of ,16 n, miles. Unfortunately, the look angle requirements were
not met for any trajectory that was pitched at a rate greater than .02%/sec.; so
the location of the ratg antenna would have to be changed from the top to the
bottom of the missile if tnis trajectory were to be flown. The C.E.F, can be
réduced to 1,03 n. miles by p.tching the missile at the rate of +0.029/sec,,
but this represents a negligible improvement, The smallest error that can be
achieved at the 8700 n, mile range is heavily dependcnt upon the size of the
payload that could h~» flown, If a 1100 1b., payload were available for use with
the Atlas, the errcr could be reduced to 2,23 n. miles by pitching at -0,05% sec.,
The lightest nose ccne now being used weighs approximately 2100 lbs,

The AIG system errors cculd not Le improved very mucn at the shorter r.. .ges
either. They could be decressed slightly at the longer ranges by {liing at an
attitude of € [ 2289, This would resuit in a lcss cf 500 lbs, in the

payload that could be delivered to a target 870C n., miles from the launch site
and would only improve the guidance agcuracy by .1 n. mile, By decreasing the
ac~uracy tc that obtained for the constant attitude trajectory in the RIG study,
the paylioad could be increased to approximately 2375 lbs, from <CO0 lhs,
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TABLE 1

DATE

CeEePe FOR RADIO-INERTIAL GUIDANCE SYSTEM

RANGE

NAUTICAL

4750
4750
4750
4750

4750

5500
5500

TILT RATE CeEoPoe
MILES DEG/SEC NAUTICAL MILES
~0e10 Ce34
~0405 0e43
0400 0461
+0.+05 0491
+0.10 1e45
=0.10 0.55
-0405 Qed3
000 Dedts
+0e05 0:64
+0.10 1410
=0.10 1ell
~De05 109
0400 ie05
0405 2498
+0.10 037
=019 191
0.05 2e23
0.C0 2063
+0.05 3.08
«12 3.89
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TABLE 11

CeEePe FOR ALL-INERTIAL GUIDANCE SYSTEM

RANGE ATTITUDE CoEePo
NAUTICAL MILES DEGREES NAUTICAL MILES
4750 311 1403
4750 234 1408
4750 1548 1el9
5500 21,1 1620
5500 2344 le25
5500 15.8 letl
6900 21,1 1451
6900 23,4 1457
6900 15,8 1483
6900 9.9 2627
8700 3lel 1eS1
8700 2364 .eG7
§719¢C 1548 Je37
8700 B¢l 1,22
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5066 S 0468

RANGE TILT RATYTE
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475¢ ~0:05
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5500 =-0,05
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TABLE 1v

SUMMARY OF RADIO INERTIAL ERROR STUDY

SECTION 1 - RANGE OF 4750 NAUTICAL MILES

PART A = MISS PARTIALS

ERROR SOURCE DOWNRANGE MISS PARTIALS CROSSRANGE HMISS PARTIALS
NAUT¢ MILES/UNIT ERROR NAUTe MILES/UNIT ERROR
SUSTAINER TILT RATE » DEG/SEC SUSTAINER TILT RATE » DEG/SEC

~0.0 ~sU5 0¢00 +e05 +¢10 ~810 <605 0e00 +405 +010

SLANT
RANGE (R) 0ok36 04505 04570 04632 0706 0,008 04005 04003 0,000 I«

ELEVATION
ANGLE (V) 16765 34450 54993 84879 164,007 06393 060403 04431 00440 06475

AZIMUTH
ANGLE (A] 06959 14005 10056 14160 14291 34350 3,312 34278 34265 34254
(Y
RANGE o |
RATE  (R) 0e713 06783 04855 06980 1e150 04000 0001 0+001 04001 0.001
LATERAL o B
RATES (P) 69431 72495 B84s71 8525 97037 26609 25500 246e] 23987 23447 e
. e
() 147 15148 37343 719,3 128:. 66465 65,87 67e34 68,32 73,00 2
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TABLE 1Iv

SUMMARY OF RADIO INERTIAL ERROR STUDY

SECTION 1 - RANGE OF 4750 NAUTICAL MILES

PART B = TARGET MISSES

ERROR SOURCE 1 SIGMA ERRORS DOWNRANGE TARGET MISSES CROSSRANGE TARGET MISSES

NAUTICAL MILES NAUTICAL MILES

SUSTs TILT RATEWDEG/SEC SUSTe TILT RATESDEG/SEC

610 =00% 0000 +605 +610 =10 ~e05 0400 +405 +¢10

SLANT

RANGE (R) 0020 KILOFEET 001 201 0l o001 o0l 00 «00 400 00 +00
ELEVATION -2

ANGLE (V)  4437X10 MeRADe 608 +15 26 39 61 602 002 02 02 =02
AZIMUTH -2

ANGLE (A) 4e¢37X10 MeRAD e04 204 205 205 606 15 o155 Gl& L1& L16
RANGE °

RATE (R) Gel FT/S5EC ¢07 408 409 10 412 o400 «00 600 00 00
LATERAL .

RATES (P) 00015 FT/SEC e10 611 213 413 415 440 438 ¢37 36 435

)
(Q) 040015 FY/SEC eN2 423 456 1408 1693 o100 ol0 10 10 o1l
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ERROR SOURCE

SLANT
RANGE (R)

ELEVATION
ANGLE (W)

AZTMUTH

ANGLE (A)

RANGE »
RATE (R)

LATERAL
RATES (P)

L]
(Q)
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SUMMARY OF

PART

TABLE IV

A - MISS PARTIALS

DOWNRANGE MISS PARTIALS

NAUTe MILES/UNIT TRROR

SUSTAINER TILT RATE »

=e10 ~e0%
0.410 04511
06653 2,362
14193 1,262
0,809 04902
8640 501
285,5 14044

000

0611

44981

1,348

1,009

10647

6242

DEG/SEC
+405 +e¢10
0e711 0832
7958 13,388
1e499 14703
1179 14410
10806 12540
3554.0 883,7

CROSSRANGE MISS PARTIALS

SUSTAINER TILT RATE

-e10

0,016

06555

30400

0.000

27749

10147

NAUT «

RADIO INERTIAL ERROR STuUDY

~e05

04001

26549

9642

Ei#
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DATE A

SECTION 2 - RANGE OF 5500 NAUTICAL MILES

MILES/UNIT ERROR

0600

06005

0581

30328

0001

2581

9747

iy -

HE -

s DEG/SEC
+¢05 +e10
|
0-002 00002 i
j
|
0e550 04622
364310 34296
]
06001 04002
25069 244,43
9643 99,2
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TABLE 1V

SUMMARY OF RADIO INERTIAL ERROR STUDY

PAGE

REPORT
MOOEL

OATE

SECTION 2 - RANGE OF 5500 NAUTICAL MILES

PART B = TARGET MISSES

ERROR SOURCE 1 SIGMA ERRORS DOWNRANGE TARGET MISSES

NAUTICAL MILES

SUSTe TILT RATE$DEG/SEC
-s10 =405
SLANT
RANGE (R) 0020 KILOFEET e01 o401 01 o401 402
ELEVATION -2
ANGLE (W) 4437X10 MeRADS e03 o100 622 &35 459
A2 TMUTH -2
ANGLE (A) G¢37%10 MeRAD, «05 «06 e06 «07 07
RANGE .
RATE (R) Do)l FT/SEC 08 409 o100 12 Ll4
LATERAL o
RATE (P) 040015 FY/SEC el3  L14 o16 416 419
®
(Q) 060015 FT/SEC 043 421 409 «53 1,33

20
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NAUTICAL MILES

CROSSRANGE TARGET MISSES

SUSTe TILT RATEDEG/SEC

«00

002

ol5

00

W42

ol5

«00

002

015

«00

040

e l4

00

003

15

«00

039

010

#00

003

015

00

38

U4

0e00 +005 +410 =010 =05 0400 +e05 +410

«00

»03

o l4

» 00

37
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TABLE v

SUMMARY OF RADIO INERTIAL ERZ20R STUDY

SECTION 3 - RANGE OF 6900 NAUTICAL MILES

PART A = MISS PARTIALS

ERROR SOURCE DOWNRANGE MISS PARTIALS CROSSRANGE MISS PARTIALS
NAUTs MILES/UNIT ERROR NAUTe MILES/UNIT ERROR
SUSTAINER TILT RAT™ » DEG‘SEC SUSTAINER TILT RATE o DEC/SEC

-el0 ~e05 000 +405 ~~el0 =10 -e05 0.00 +e05 +410

SLANT
RANGE (R} Ne301 06469 06648 068734 14089 06040 06023 06012 0.005 04000

ELEVATION
ANGLE (YY) 14364 06623 14574 44736 84613 14034 06977 0974 06955 00990

AZ IMUTH
ANGLE (A) 16589 14696 16874 24129 24557 3,058 3.008 24578 24959 2,936

RANGE .
RATE (R) 04948 14096 14,271 14530 1,918 04000 04001 04002 06003 04003

LATERAL
RATES (P) 11349 12060 14542 148,77 17944 26341 25246 247,464 23741 231,8

®
(Q) 91843 91345 88le3 79143 64143 213,9 188e5 174,00 16646 167,46




ERROR SOURCE

SLANT
RANGE (R)

ELEVATION
ANGLE (V)

AZIMUTH
ANGLE (A)

RANGE °
RATE (R)

LATERAL o
RATE (P)

)
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TABLE Iv

SUMMARY OF RADIO INERTIAL ERROR STUDY

SECTION 3 - RANGE OF 6900 NAUTICAL MILES

PART B = TARGET MISSES

1 SIGMA ERRORS DOWNRANGE TARGET MISSES CROSSRANGE TARGET MISSES

0020 KILOFEET

-2
4937X10 MeR2 ™

-2

4e3T7X10 MeRAD,

01 FT/SEC

040018 FT/SEC

0.0015 F1/5EC

NAUTICAL MILES NAUTICAL MILES

SUSTe TILT RATEWSDEG/SEC SUSTe TILT RATESDEG/SEC

~610 =005 0000 +405 4010 =0l0 =e05 0600 +405 +,10

eN1l 401 201 o402 602 00 00 400 #00 400
e09 003 o007 18 o438 405 o004 o404 o064 04
o007 o077 oG8 0% ell 13 413 413 413 L13
el0 oll 13 o155 419 400 <00 400 o400 400
el7  el8  22@ 22 #27 440 38 37 436 o35
1638 1637 1432 1el9 o496 32 428 426 425 425
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TABLE 1v

SUMMARY OF RADIO iNERTIAL ERROR STUDY

SECTION 4 - RANGE OF 8700 NAUTICAL MILES

PART A =~ MISS PARTIALS

ERROR SOURCE DOWNRANGE MISS PARTIALS CROSSRANGE MI1SS PARTIALS
NAUTe MILES/UNIT ERROR NAUTe MILES/UNIT ERROR
SUSTAINER TILT RATE s DEG/SEC SUSTAINER TILT RATE , DEG/SEC

=-el0
SLANT .
RANGE (R) 0,076

ELEVATION
ANGLE (V) 5,448

AZIMUTH
ANGLE (A) 1,961

RANGE ¢
RATE (R} 1,001

LATERAL
RATE (R) 148,3

.
tQy 1715,

-e05 0«00 +e09 +el0 -el0 -e05 000 +405 +410

0e314 04600 04907 1,343 04140 04056 04050 04010 04000
50314 44874 4669 13,973 20136 14843 1,670 1,549 1e523
26073 24243 2,685 3,445 12348 14673 14693 1,667 1e647
14203 1,466 1,835 26410 04006 0,004 04004 0005 0,005
145,9 163,7 180,7 22943 15%9.4 64,7 167,23 ‘15608 152,3

2061s 2497, 29%6, 3770e 461,47 1396,5 33246 29145 273.9
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TABLE IV
SUMMARY OF RADIO INERTIAL ERROR STUDY

SECTION &4 - RANGE OF 8700 NAUTICAL MILES
PART B =~ TARGET M]SSES

ERROR SOURCE 1< SIGMA ERRORS DOWNRANGE TARGET MISSES CROSSRANGE TARGET MISSES

NAUTICAL MILES NAUTICAL MILES

SUSTe TILT RATEDEG/SEC SUSTe TILT RATENDEG/SEC
“¢10 =e05 0400 +405 4410 =310 =005 0600 +e05 +,10

SLANTY
RANGE (R) 0,020 KILOFEET 000 400 o401 402 203 00 00 00 W00 400

ELEVATION -2
ANGLE ) 4e37X10 MeRAD 026 023 021 020 ol7 o409 <08 407 407 07

AZIMUTH -2
ANGLE (A) 4e¢37X10 M-RAD. 009 «09 210 12 15 07 07 07 07 <07

RANGE .
RATE (R) Cel FT/SEC 010 012 W15 o018 424 400 00 400 400 400

LATERAL
RATE (P) 00015 FT/SEC 072 022 025 W27 o34 G2h 425 425 426 L 23

(Q) 040013 FT/SEC 2057 3409 3479 4445 5466 o469 480 30 o446 ,8]
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TABLE V
TOTAL ReSeSe MISS FOR 1@ ERRORS
IN ALL-INERTIAL GUIDANCE SYSTEM
RANGE ATTITUDE TARGET MISS
DOWNRANGE CROSSRANGE
MILES DEGREES Ne MILES Ne MILES
4750 31.1 1403 0e73
4750 2304 1420 0468
4750 1548 le45 0e63
5500 31,1 le32 0e75
5500 2344 le48 070
5500 1548 180 0¢66
6900 31,1 1490 0e73
6900 2344 2407 Oe64
6900 15,8 2e52 0460
6900 Fe9 3,21 058
8700 3161 2672 0e45
8700 23¢4 2483 0e40
8700 15,8 3443 0e39
8700 8.0 4eT0 0e48
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TABLE VI

SUMMARY OF ALL INERTIAL ERROR STUDY

SECTION 1 = RANGE OF 4750 Ne MILES
PART A = MISS PARTI]ALS

ERROR SOURCE DOWNRANGE MISS PARTIALS CROSSRANGE MISS PARTIALS

NAUTe MILES/UNIT ERROR NAUTe MILES/UNIT ERROR

SUSTAINER ATTITUDE s DEGe SUSTAINER ATTITUDE + DEGe

3l,l 2344 1548 31,1 2344 15,8
GYRO=
PITCH DRIFT
A) CONSTANT 20220 060V 24680 0050 04040 0.030
B} MASS UNBAL. 04654 04511 06729 0.014 0011 00008
YAW DRIFT
A) CONSTANT 0770 1,010 1,050 20990 3.070 34030
B) MASS UNBAL. 1200 1500 14517 14789 le972 20350
ROLL DRIFT
A) CONSTANT 0470 0.500 06420 14890 14520 lel30
B) MASS UNBAL
BALL 0.778 0e844 04639 SEE NOTE
GIMBAL 0e778 04844 06639 34200 24578 1856

NOTE= ROLL AND YAW CROSSRANGE ERRORS DUE TO MASS UNBALANCE ALONG SPIN
AXI1S OF BALL CANCEL AND HAVE BEEN COMBINED IN THE YAW DRIFT
PORTION OF THESE TABLESe.

e e




‘ORM NO. K. T -} Pgo

ACCELEROMETER=
ZERO
A) X-AX1S
8) Y-AXIS

C) Z-AXIS

SCALE FACTOR
A) X-AXI1S

B) Z~AXIS

SECOND DEGREE
A) X AXIS

B) 2 AXIS

THIRD DEGREE
A) X AXIS

B} Z AXIS

PLATFORM=
NONORTHOGONAL
A) Z AXIS-PITCH
B) Y AXIS-ROLL
C) Y AXIS-YAW
D) X AXIS-PITCH
MISALIGNMENT
A) IN PITCH
B) IN YAW

C) IN ROLL

218,40 208,43 303,7
1063 1560 17,0
114,7 148,67 17643
45644 582,1 678,46
183,6 202,41 23040
143745 176560 2262,5
43767 47062 52240
517840 677741 8532,0
760061 819,9 91062
¢0352 e 044y « 0578
00025 «0032 00032
«0033 e 0047 «0059
00537 « (588 00584
20185 20138 « 0007
« 0044 00054 « 0063
« 0030 « 0033 « 0038

—— 1 -t

TV
% '

243

4940

Oe7

5e¢0
lel

1540
51

1562

0.0

¢0002
0121
+0160
«0005

«0004
«0162
«0121

3.3
51,3

l.0

6ol

le4

2040

449

17840

0«0

+0003
«0104
0164
+0006

«0003
00164
«0103

147
4547

0.0

346

0.0

1745
207

6648

0.0

¢ 0001
+ 0086
20161
«0003

+ 0003
e 0162

« 0097



Lo S A R S it et RN S

FORMND. R.T. - ! Bar

ERROR SOURCE

T - - - " O. CALPORMNIA N . .7:4
o Aod t uiTAHLE v1 DATE

CORVAIR — ASTRONALTICS
DIVISION OF JENERAL OYNAMICS COfFf

MOODFrL

SUMMARY OF ALL INERTIAL ERROR 3TUDY

SECTION 1 =~ RANGE OF 4750 Ne MILES

PARY B = TARGET MISSES

16 ERROR DOWNRANGE MISS CROSSRANGE MISS

NAUTICAL MILES NAUTICAL MILES

SUSTe ATTITUDEsDEG, SUSTe ATTITUDCZ#DEG,

3161 2346 1548 31,1 23s4 i5.8
GYRO=
PITCH DRIFT
A) CONSTANT 10 DEG/HR 0422 Ca06 Co27 0.00 NeC0 0.00
B) MASS UNBAL: +36 DEG/HR/G 0,24 O0el18 0e268 0400 0400 0.00
YAW DRIFT
A) CONSTANY ¢10 DEG/HR 0.08 <10 O0ell 03D 0-31 0630
B) MASS UNBALes ¢15 DEG/HR/G 0418 0,23 0s23 Ced7 Ce30 0635
RGLL DRIFT
A) CONSTANT «1C DEG/HR 0405 0.05 004 0el9 Oel5 0s11
B! MASS UNBAL
BALL 15 DEG/HR/G (a2 0el3 0610 SEE NOTE
GIMBAL 15 DEG/HR/G Qol2 0.13 0,10 De%8 039 0.28

NOTE=z RLL AND YAW CROSSRANGE ERRORS DUE TO MASS UNBALANCE ALONG SPIN
AX1S OF BALL CANCEL AND HAVE BSEEN COMBINED IN THE YAW ORIFY
PORTION OF THESE TABLES.

ACCELEROMETER=
2€ERO
-4 2
Al X AXIS 11X10 F/S 0e24 0s32 0s33 0.00 D00 Oe¢ul
-4 2
B8) Y AXIS 6X10 F/S 0.0} 0.01 0401 0e03 0.03 0.03
-4 2
C) 2 AXIS 12X10 F/S§ D.14 Del18 NDe2l Ne00 0.00 000
b Y ' .
SECRET <«
T R Sy




FORM MO € T U pg-

SCALE FACTOR
Ay X AUTS
Bi Z AX1S
SECOND DF7REE
A) X AXIS
B) 2 AXI!S
THIRD DEGREE
Al X AX]S

B} z AXIS

PLATF M=

NONORTHOGONAL

Al Z AXIS-PITCH

B) Y AXIS-ROLL

Cl Y AXIS-YAW

D} X AXIS~PITCH

MISALIGNMENT
A) IN PITCH
B) 1IN YAW

C} IN ROLL

ERROR S0UPCE

GYRO
ACCELEROMETER

PLATFGRM

oivision Jot GENERAL TiTRpoR ; -y y o
1 .'u 01360 |ca ronm\ | :
( f§ REFORT  ZN=7=366
3 E C R E T
4 DATE
X110 F/S/G 0e32 Debl 0048 0400 000 0.,00
- 2
7X10 F/S/G 0,13 Osla Celé 0.00 0.00 D00
-4 2 2
4X10 F/S/G 0058 0.71 0091 0001 0001 0’01
-4 2 2
4X10 F/S/G 0,18 D19 De21 0.00 000 0e00
-5 2 3
45X10 F/S5/G 0623 0631 De38 0601 0.01 0600
-5 2 3
45X10 F/S/G 04,03 0e04 0e04 000 0+090 0e00
8 SEC, De28 De26 0edb GeNO 000 0400
10 SEC, Ce02 003 «03 0el2 0e10 0409
10 SEC. 0,03 0e05 0605 O0els 0el6 Osl6
8 S5EC. Deb3 Qet? Ced? 000 0600 000
6el SEC. C:11 009 0eC0 0600 D00 0e00
1he4 SEC, Q.06 0.08 04069 0423 0e24 023
6e6 SEC, 002 0602 D602 Je08 007 006

TOTAL ReSeSe M[SS=

DOWNRANGE MI1SS CROSSRANGE MI1SsS

NAUTICAL MILES NAUTICAL MILES

SUSTAINER ATTITUDE , DEG. SUSTAINER ATTITUDE o DEG,
3161 2344 158 31,1 2344 1548
Oe42 0a37 0467 De65 0e60 0e55
0.78 0:97 119 0403 e 04 D403
0653 0461 Te67 0632 0s31 030




- ]

L e R R T R

VORMNT L T .1 Bar CONVAIR ~ ASTRONAUTIS »
DIVISION OF GEMERAL DYNAMICS COWP. L

SAN DIKGO CALIFORNIA

T ’ "REPORT  ZN~7=366
T_‘_ [P MODEL
f N DATE

TABLE VI

SUMMARY OF ALL INERTIAL ERROR STUDY

SECTION 2 ~ RANGE OF 5500 Ne MILES

PART A = MJSS PARTIALS

ERROR S0URCE DOWNRANGE MISS PARTIALS CROSSRANGE M]SS PARTIALS

NAUT, MILES/UNIT ERROR NAUTe MILES/UNIT ERROR

SUSTAINER ATTITUDE » DEGs SUSTAINER ATTITUDE » DEG.

31el 2344 15,8 31,1 2344 1548
GYRO=
PITCH DRIFTY
A} CONSTANT 44291 2,361 06980 04080 04060 0020
B) MASS UNBAL. 14095 0,789 14049 0022 0019 0022
YAW DRIFT
A) CONSTANT 0990 1,230 1e370 34180 34190 34200
B) MASS UNBAL. 14528 1,822 1e950 1e333 20005 24439
ROLL DRIFT
A} CONSTANT 06572 04590 0,540 2010 1558 1,159
B) MASS UNBAL
BALL 0e956 1,006 0839 SEE NOTE
GIMBAL 06956 1.006 06839 3¢478 24706 14967

NOTE= ROLL AND YAW CROSSRANGE ERRORS DUE TO MASS UNBALANCE ALCNG SPIN
AX1S5 OF BALL CANCEL AND HAVE BEEN COMBINED IN THE YAW DRIFT
PORTION OF THESE TABLES.

R R S

A
RET. L
1 g i) S

i
'
1

]
ol




; FoRu NG ¢ o LY

NVA!I -~ SYRONAU'HCS
DWJSION OF GENgp Al D

NAMICS comy
AN DIIGO CAL ’QlN!A

PAGE

mEsOR L ?#-7-366
MODEL
S E C RE
ACCELEROMETER=
ZERQO
A) x AX1s 277.7 344,3 384,43 50 647 663
B) vy AX1s 11,3 170 21,47 5140 50e7 4543
)z AX1s 122.0 150, 184,7 260 247 243
SCALE FACTOR
Al x AX]s8 570.0 71144 881,5 10,7 14,3 15,7
B ;2 AX1S 188,46 205,0 245,77 2e9 346 2e9
SECoND DEGREE
A) x AX1s 1800,0 220549 2890,5 4% 0 42,45 5245
‘Bl 2 A¥r- 480,2 508,4 582,8 98 10,0 1043
THIRD DEGReE
Al x AXTs 7178 89ip 11762 35640 399,7 20044
B) 2 AXIS 43 89 102 242 2e2 2¢2
PLATFORM=
NONORTHOGCNAL
A) 2 AX15~PI?CH 00363 ¢ 0457 +0609 20006 0008 « 0009
BY vy AXIS*ROLL 00024 0035 « 004 »011p 0103 «Cl03
C) y AXIS~YAW ¢ 0033 ¢ 0055 «0077 s0149 «016¢ 00166
D} x AXIS*PITCH + 0597 0707 e 0744 «001] «0014 +0013
MISALIGNMENT
Al N PITcH 00299 «024¢ 0135 «00ng 20006 s 0004
Bl IN YAw ¢ 005 « 0064 0078 «016¢ «0166 20166
C) N ROLL s 0034 20038 0043 0122 s0103 + 0086

i,



N

me Il

FORM NO. €. T. - 1 @ar “u“‘,

SECRE

AIR ~ ASTRONAUYICS
GENERAL DYNAMICS C

SAN OILGD. CALIFORNIA

MODEL
TABLE VI DATE
SUMMARY OF ALL INERTIAL ERROR STUDY
SECTION 2 - RANGE OF 5500 Ne MILES
PART B - TARGET MISSES
ERROR SOURCE 16 ERROR DOWNRANGE MISS CROSSRANGE MISS
NAUTICAL MILES NAUTICAL MILES

SUSTs ATTITUDE +DEGe SUSTe ATTITUDEWDEG.

31 2344 15.8 31.1 2304 1548
GYRO=
PITCH DRIFT
A) CONSTANT e10 DEG/HR (a43 0e24 0610 0601 0601 0.00
B) MASS UNBALe #36 DEG/HR/G 0,39 0.28 0s38 D601 0e01 0«01
YAW DRIFT
A) CONSTANT «10 DEG/HR 0.010 0el2 Del4 0e32 0632 0632
B} MASS UNBALe +15 DEG/HR/G 0423 0427 0629 0620 0e30 0637
ROLL DRIFY
A) CONSTANT ¢10 DEG/HR 0,06 0006 0405 0:20 0s16 0s12 i
B) MASS UNBAL |
BALL 15 DEG/HR/G 0Qel4 0e15 Oel3 SEE NOTE
GIMBAL ¢15 DEG/HR/G Q.14 0el5 Oel3 0e52 Oettl 0629

NOTE= ROLL AND YAW CROSSRANGE ERRORS DUE TO MASS UNBALANCE ALONG SPIN
AXIS OF BrLL CANCEL AND HAVE BEEN COMBINEC IN THE YAwW DRIFT
PCRTION OF THESE TABLES.

ACCELEROMETER=
ZERO
-4 2
A) X AXIS 11X10 F/S 0431 0438  0e42 0400 0e01 0401
-4 2
F) Y AXIS 6X10 F/S 0401 001 0401 0603  0e03 0403
-4 2

c) 2 AXIZ 12X10 F/S 0.13 0.18 022 0400 000 0.00

CRET!|]




QRMNO L ¥ v » g

SCALE FACTOR

A) X AX1S
R) 2 AXIS
SECOND NEGREE
A) X AX]S
Ay 2 AXIS
THIRD DEGREE
A} X AXIS
R) Z AXIS
PLATFORM=

NONOPTHOGONAL

B SR

A) Z AXIS-PITCH
R) Y AXIS-ROLL
C) Y AXIS-YAW
D) X AXIS=-PITCH
MISALTGNMUNT

A) IN PITCH

3) IN YAW

C) IN ROLL

ERROR SOURCE

GYRO

ACCELEROMZTER

PLATFORM

7X10 F/S/G 0440
-4 2
7X10 F/S/G 0el3 0414
-4 2 2
4X10 F/S/G 0e72 0,88
-4 2 2
4X10 F/S/G 0619 0420
-6 2 3
45X10 F/S/G 0632 0440
-6 2 3
45X10 F/S/G 0.00 0400
8 SECe 0429 0437
10 SECe. 0602 Ne04&
10 SECe 0403 0405
8 SECe 0ok 0457
6ol SFCe 0418 0415
164 SECe 0407 0409
606 SFCoe 0402 0402
TOTAL ReSeSe MISS=

DOWNRANGE MI1SS

NAUTICAL MILES

SUSTAINER ATTITUDE
31,1 2344
0667 0.52
0.98 119
0460 0.70

» DEG.

15.8

0654

1452

PAGE 33

REPORT Z"“".B“

MODEL

DATE

0.01 0401 0.01

0017 0.00 0,00 0.00
1416 0,02 0602 0.02
0623 0,00 0,00 0600
0.53 0.02 0402 0.01
0400 0400 0600 0.00
0649 0.00 001 0.01
0404 Dell 0e¢l0 0e10
0.08 O.15 0.17 0.17
0.60 0.01 0«01 0.01
0.08 0.00 0.00 0.00
O.11 0e24 024 0s24
0403 0.08 0607 0406

CROSSRANGE MISS

NAUTICAL MILES

SUSTAINER ATTITUDE 4+ DEG,

0479

31,1
0467
0.04
0e31

2344
0e62
0¢04
0e32

15,8
058

0403

0.31




v e CONVAIR — ASTRONAUTICS
oRUNO-TT 1B DIVISION OF GENERAL DYNAMICS C

AN DI . CALIFORNIA 3 ’AG( 5 \“\;34
SAN DIRGO. C on v '!"6.?_ ZN-7-366
MODEL
SECRET
TABLE VI
SUMMARY OF ALL INc TIAL ERROR STUDY
SECTION 3 - RANGE OF 6900 Ne MILES
PART A - MISS PARTIALS
ERROR SQUPCE DOWNRANGE M]SS PARTIALS CROSSRANGE MISS PARTIALS
NAUT, MILES/UNIT ERROR NAUT, MILES/UNIT ERROR

SUSTAINER ATTITUDE » DEG. SUSTAINER ATTITUDE » DEG.

31,1 2344 1548 99 31,1 2344 15,8 949

GYRO=
PITCH DRIFT
A) CONSTANT 80670 64941 44250 04852 (el61 06219 06180 14058

B) MASS UNBAL+ 1903 16265 14403 24035 06035 06043 0057 04116

YAW DRIFT
A) CONSTANT 10398 14601 1c909 24310 36052 2,970 24927 24911

B) MASS UNBALe 24144 24361 2,650 34211 16378 1,789 26172 2,416

ROLL DRIFT
A} CONSTANT 06511 0a710 06782 06738 1ea916 16441 1,062 06761
B) MASS UNBAL
BALL 06956 14250 14261 06986 SEE NOTE
GIMBAL 06956 164250 14261 04985 3,444 2,578 14822 14278
NOTE= ROLL AND YAW CROSSRANGE ERRORS DUE TO MASS UNBALANCE ALONG SPIN

AXIS OF BALL CANCEL AND HAVE BEEN COMBINED IN THE YAW DRIFT
PORTION OF THESE TABLES.

SECRET s

—— - A st i o i e e

L ke e




FORMNO € T 1 Par

ACCELEROMETER=

ZERO
A) X AXIS

B) Y AXIS

) Z AXIC

SCALE FACTGR
Al X AXIS
B) 2 AXIS
SECOND DEGREE
A) X AXIS

B) Z AX1S

THIRD DEGPEE
A) X AXIS

B) Z AXIS

PLATFORM=
NONORTHOGONAL
A) Z AXIS-PITCH
BY Y AXIS-ROLL
Cl Y AXIS-YAW

D} X AXIS-PITCH

MISALIGNMENT
A)Y IN PITCH
B) IN YAW

C) IN ROLL

CONVAIR — ASTRONAUTICS

DIVISION OF GENERAL DYNAMICS

SAN OIEGO CALIFORNIA

ECRET

34740 44047
Re0 2063

1100 135,7

T43,6 945,7

17540 194,3

2295 3078

480 533

10692 12958

93 96

00333 o 0014
«0019 ,L,0042

«0851 L0920

20521 40502
« 0064 L0080

#0027 e 0045

55343
3540

17740

1247,8

224473

41064

633

18558

109

<0557
00064
00122

«1C19

2« 0458
103

0060

LI

T2447
53642

232,3

1652,1

27540

5438

780

23692

132

«0750
00086
«0189

01165

e0411
137

eONTH

[

44,0

2¢7

1547

8540

17e4

578,61

«0008
«0108
0151

«0018

20010
«0151

«0108

0 - 35
REPORT ZN-7-366

MODEL
DATE
14,3 2147
4267 39,7
443 6e7
3067 G943
et 8+s6
9765 14060
1746 19.6
600s2 71047
342 4ol
«0013 L0021
« 0087 0071
« 0147 sulbd
«0030 LCO040
« 0016 L0018
eCGl46 L0145
«008T 4NO71

[\

31,

3840

7241

11.4

185.,0

24,48

822,0

G4y

00031
«0058
o 0101

«0051

0016
e0143

« 0059

st -




Iy DI N IR .. e

DRM NO. E. T .1 Brar - ‘ CONVAIR — ASTRONAUTICS
36
IN=7=366
SUMMARY OF ALL INENTIAL ERROR STUDY
SECTION 3 - RANGE OF 6900 Nos MILES
PART B - TARGET MISSES
ERROR SOURCE 16 ERROR DOWNRANGE MISS CROSSRANGE M]SS
NAUTICAL MILES NAUTICAL MILES

SUSTe ATTITUDE +DEG, SUSTe ATTITUDESDE =

31al 2344 1548 969 3lel 2344 1548 9.9

GYRO=
PITCH DRIFT
A) CONSTANT o100 DEG/HR 0487 0469 0e43 0,09 0402 0602 0e02 0,01
B) MASS UNBAL ¢36 DEG/HR/G 0469 0646 0651 0673 0601 0602 0602 0404
YAW DRIFT
A) CONSTANT 10 DEG/HR 0416 Cel6 0619 0623 0031 0630 0629 0429
B) MASS UNBAL +15 DEG/HR/G 0432 0635 0040 0648 0021 0627 0033 0,36
ROLL DRIFT
A} CONSTANT e10 DEG/HR 0405 0s07 0e08 0607 0619 0el4 001C 0,08
B} MASS UNBAL
BALL ¢15 DEG/HR/G Qel& 0el9 0al19 0,15 SEE NOTE
GILBAL 15 DEG/HR/G 0eis 0el9 Q2619 0elD 052 0439 0627 0419
NOTE= ROLL AND YAW CROSSRANGE ERRORS DUE TO MASS UNBALANCE ALONG SPIN

AXIS OF BALL CANCEL AND HAVE BECN COMBINED IN THE YAW DRIFT
PORTION OF THEST TABLES,

ACCELEROMETER=
ZERO

-4 2

A) X axls 11X1C F/S 0438 0e48 0461 0680 0001 Ce02 0402 0403
-4 2

B) Y AX1S 6X10 F/S (e00 0401 0602 0e03 0403 003 0602 0002
-4 2

) 2 AXIS 12X10 F/S 04T3 0416 0.%1 0428 0,00 0eC0 0.0! 0.01

SFCRFET ——




FORMNO K ¢ -V Sar

SCALE FAéTOR
A} X AXIS

81 Z AX1S
SECOND DEGREE
A} X AXIS

B) Z AXIS
THIRD DEGREE
A) X AXIS

R) Z AXIS

PLATFORM=
NONORTHOGONAL
A) Z AX1S-PITCH
B) Y AXIS-ROLL
Cl Y AXIS-YAW
D) X AXIS=PITCH
MISALIGNMENT
A) IN PITCH
B) IN YAW

C) 1IN ROLL

ERROR SOURCE

GYRO

ACCELEROMETER
PLATFORM

 CALIWORNIA - — e —0D
\

SE

b";' Je
TX10 F/S5/G 0652 066 0487
-4 2

TX10 F/5/7G 0412 0414 0,616
-4 2 2

4X10 F/S/7G 0692 1623 1,64
-4 2 2

4X10 F/S/G 0419 0621 0,25
-6 213

45X10 F/S/G Qe4B 0458 0484
-6 2 3

45X10 F/S/7G 0,00 0,00 0,00

8 SECe 0627 0623 0645

10 SECe 0402 004 0,06

10 SECe 0603 0407 0,612

B SECe 0468 O0e74 0.82

6e¢1 SECe 0632 0430 0.28

14,4 SECe 0,09 0611 0,15

6e6 SECe 0602 0403 0604

TOTAL ReSede MISS=

DOWNRANGE MISS
NAUTICAL MILES
SUSTAINER ATTITUDE » DEG,

31s1 2344 15,8 9,9
1618 0496 0¢84 094
1625 1462 2416 2,84
0080 0488  0s99 1417

| SECR ET

GRET

0 3

REPORT ZN=T7=366

MODEL

DATE
1416 0601 0602 0603 0605
0619 0600 000 0001 0601
2418 06403 0604 0606 0407
0e31 0401 0,01 0001 0,01
1,07 0603 0603 0603 0604
0e¢0) 0600 0,00 000 0,00
0660 0e01 0401 0402 0403
009 0ell 009 0607 0406
0e19 0015 0615 0414 0el4
0693 Na0l 0602 0003 0404
0e25 0401 0401 0001 0001
0620 0622 0421 0621 0,21
0e05 0607 0606 005 00604

CROSSRANGE MISS
NAUTICAL MILES

SUSTAINER ATTITUDE +» DEG.

31el 2344 1548 949
0e66 0e¢58 0e53  0e51
0405 0406 0.08 Ooll
0030 028 0s27  0e26




MNO. & V.. ) @ae

PAGE 38
REPORT  ZN.7-366
MODEL

DATE

+

TABLE VI—

SUMMARY OF ALL INERTIAL ERROR STUDY

SECTION 4 - RANGE OF 8700 Ne MILES
PART A = MISS PARTIALS

ERROR SOURCE DOWNRANGE M1SS PARTIALS CROSSRANGE MISS PARTIALS
NAUTe MILES/UNIT ERROR NAUTe MILES/UNIT ERROR

SUSTAINER ATTITUDE » DEGe SUSTAINER ATTITUDE s DEGe
31el 23e4 1548 840 31el  23e4 1508 840

GYRO=
PITCH DRIFT
A) CONSTANT 15639 14,10 12481 10654 06109 0531 16138 14320

B) MASS UNBAL. 2.988 1,592 1,208 2,64% 0.019 0.059 0.108 0.327

YAW DRIFT
A) CONSTANT 16702 14820 14890 24201 14901 1,788 14671 14550

B) MASS UNBALe 20622 2683 26878 34489 06784 16007 16272 1,448

ROLL DRIFT
A) CONSTANT 0e¢071 06731 16470 14902 14179 0,848 06491 06161
B) MASS UNBAL

BALL 06159 16318 24571 24830 SEE NOTE

VGIMBAL 0e159 1e31b 20571 24830 24244 14617 06922 06322
NOTE= ROLL AND YAW CROSSRANGE ERRORS DUE TO MASS UNBALANCE ALONG SPIN

AX1S OF BALL CANCEL AND HAVE oEEN COMSINED IN THE YAW DRIFT
PORTION OF THESE TABLES. -




FOAMNO € T 4 # s

R

e

bl AT
CONVAIR _ ASTRONAUTICS
DIVISION OF OENERAL DYNAMICS CORP.

SAN DIEGO. CALIFORNIA

| SEORET

e ————

B

PAGE 19
REPONT 747366
MODEL

DATE

ACCELERGMETER=

2ERO

A) X AXIS 395.3 515.0 670e7 10097
Bl Y AXIS 4e7 2043 6640 1441
C) 2z AXIS 66e3 8343 108e3 16967
SCALE FACTOR

A) X AXIS 90249 115547 156249 2357.9
B) Z AXIS 10664 12241 149¢3 22047
SECOND DEGREE

A) X AXIS 3255 4030 5438 7950
B) Z AXIS 355 460 605 758
THIRD DEGREE
A) X AXIS 15510 18490 25778 36006
B) Z AXIS 620 800 980 1160
PLATFORM=

NONORTHOGONAL

Al Z AXIS-PITCH ¢0186 40238 40319 40495
R) Y AXIS-ROLL 0012 +0043 40122 ,0215
C) Y AXIS-YAW  +0017 ,0070 40239 o0514
D) X AXIS=PITCH ¢1012 41098 1241 o1534
MISALIGNMENT

A) IN PITCH 0827 0857 40914 ‘41047
81 IN YAW (0063 40087 40123 40190
C) IN ROLL L0004 0064 o0111 L0184

SECRET

20
22,0
0.0

443
0.0

12040
1540

57860
262

«0001
«0057
« 0084

« 0005

« 0006
«0085%

« 0057

2040
21,7

3.3

45,0
560

155,0
175

7 1.0
3,2

«0010
0045
#0082
0042

«0032
«0081

« 0045

5947

15,7

9.3

139,3
12.9

22000
2245

1022,

4ol

«0030
«0026
¢0063
e0110

20081
«0073

«0027

12543
3,7
207

292,95
27.1

262.5
2560

1489,2

4e7

«0028
«0017
20020
«0190




M MO €. T} par CONVAIR — ASTRONAUTICS

- V58 ».
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SUMMARY OF ALL INERTIAL ERROR STUDY

SECTIGN 4 =~ RANGE OF 8700 No

PART B - TARGET MISSES

ERROR SQURCE 1 ERROR DOWNRANGE MI3S CROSSRANGE MISS

NAUT ICAL MILES NAUTICAL MILES

SUSTe ATTITULEDEG. SUST, ATTITUDE»DEG.
31el 23,4 15,8 B60 31s1 23¢4 15.8 B840
GYRO=
PITCH NDRIFT
A) CONSTANT 010 DEC,/HR 1454 1,41 128 1405 0601 GCe05 0ell OGalz
B) MASS UMBAL 436 DEG/HR/GC 1404 057 O0ei44 0695 0601 0602 0606 0Col2

YAW DRIFT

A} CONSTANT 0l0 DEG/HR 0Qel7 0el8 0619 0621 0el9 (0olB8 0el?7 06'6
B) MASS UNBA: 15 DEG/HP De39 0e%0 043 (052 D0el2 0515 0,19 0.22
ROLL DRIFT
») TONSTANT ¢10 DEG/HR 0,01 0607 0,15 0419 0412 0609 0605 0602
B) MASS UNBAL

BALL 15 DEG/HR/G 0402 (20 0439 0442 SEE NOTE

GIMBAL 415 DEG/HR/G 0402 Ne20 0639 042 0e34 0Ne24 Oelbt 040°
NOTE= ROLL AND YAW CROSSRANGE ERRGKS DUE TO MASS UNBALANCE ALONG SPIN

AX1S OF BALL CANCEL AND HAVE BEEN COMBINED IN THE YAW DRIFT
PORTION OF THESE TABLES,

ACCELEROME TCR=
Z2ERC
-4 2
A) X AXIS 11X10 F/S Cu.4b 0s57 074 lell 000 0402 0s07 0Oelé
-4 2
RY Y AXIS 6X10 F/S 0,00 0s01 0e04 0401 0601 0401 0401 0400
-4 2

Cy Z AXIS 12X10 F/S 0408 0el0 0el3 0620 0s00 0600 0601 0402

PETT T
"SECRET)




it o ks 1 —

»
. PORMNOD K T .1 pas

SCALE FACTOR
A) X AXIS

R} Z AXIS
SECOND DEGREE
A) X AXIS
B) Z AXIS
THIRD DEGPEE
A) X AXIS

R1 Z AXIo

PLATFORM=

NONORTHOGONAL

A) 2 AXIS-PITCH

A) Y AXTS~ROLL

C) Y AXIS-YAW

D) X AXIS-PITCH

MISALIGNMENT
A} IN PITCH
B) IN YAW

C) IN ROLL

ERROR SOURCE

GYRO

ACCELEROMETER

PLATFORM

7X10 F/S/G 0463 0481 1409
7x104F1536 0407 0409 0.10
-4 22
4X10 F/S/G 1430 1461 2,18
-4 22
4X10 F/S/G Oulés 0,18 0424
-6 23
45X10 F/S/G 0,70 0483 1,16
-6 23
45X10 F/S/G 0403 0,04 0406
8 SECe 0415 0419 0426
10 SECe 0401 0404 0,12
10 SECe 0402 0,07 0424
8 SECe 0481 0488 0499
6e1 SECe 0450 0452 0456
1444 SECe 0,09 0413 0,18
606 SECs 0400 0403 0,07
TOTAL ReSeSe MISS=
DOWNRANGE M1SS
NAUTICAL MILES
SUSTAINER ATTITUDE o DEG.
31e1 2344 1548 8,0
191 1461 1,54 1465
1567 2408 2,81 4,11
0697 1405 1221 1,57

T
!

3418 0605 006 0609
0630 001 0,01 0601
1462 0603 0603 0605
0605 0400 O0eN0 0600
0¢40 0400 0401 0602
0e22 06406 0,05 0,03
0e51 0408 0408 0406
1623 0,00 0.03 0409
Oe64 0400 0002 0005
0627 0el2 0612 0.1l
0e¢l12 Ne04 0e0N3 0402

CROSSRANGE MISS

NAUTICAL MILES

SUSTAINER ATTITUDE o
31.1 2344 15.8
0e42 0e35 0e32
0.08 0.08 0.16
016 0016 0.16

O.11

0,01

0,07

0.00

002
0.02
0.02

0.15

0.08
0609
0400

DEG.

8.0
0.32
0.29

0+20
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